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AIRPLANE EQUIPPED WITH SEVERAL DIFFERENT SETS Ol? WIN_GS

By J. W. CROFLEY, Jr., and M. W. GFWEX

SUfif3MRY

This investigation was conducted by the Nafional Adrisory Committee for Aeronautics at
Langley Field, Ta., at ~he request oj the Army Air Corps, for the purpose of comparv-ng thejull scale
lift and drag cfiaracterr-.stics of an airplane equipped with sereral sets of u<ngs of commonly wed
airfoil sections. A Sperry .Messenger airplane with wings of R. A. F.–15, ‘U. S’. A.-5, C. S. A.-.27,
and G6ttingen %?7 airfoil s-ections was$oum and the Zijt and drag c7rarac&istics of ~heairplane u+th
each set of wings were determined by means of glide te.sis.

The re.sulk are presented in tabular and curre Jorm.

INTRODUCTION

Vi%ile there is a ~ery considerable amount of data e.sistent orI the aerodynamic character-
istics of airpIanes and airfoils as obtained in wind tunnel model tests, -rery little information of
this kind has been obtained in full-scale &mht test. For the purpose of comparing directly the
full-scaIe Iift and drag characteristics of a number of commonly used airfoils and also of pro~iding
a basis for comparison with model tests, the present tests on a Sperry Messenger airplane equipped
with R. .%. F.–15, U. S. A.–5, U. S. A.-27, and Gottingen 387 wings were instituted. The
in-restigation was conducted by the NTationaI .idtisory Committee for Aeronautics, at Langley
FieId, J’a., at the request of the Army Air Corps. The airplane and wings were furnished b~ the
latter. SLYsets of wings of different airfoiI section %-ere constructed for the in~estigation, but
during the conduction of the tests this type of airpIane w-as condemned as being structurally
unsafe and only the abo~e-mentioned wings -were used.

The Iift and drag characteristics of the compIete airplane with each set of wings were
.

obtained by means of glide tests -with the propeller operating at the ~ of zero thrust. It is
nD

essentiaI in glide tests that the airplane be motivated by its w-eight only and, corsequentIy,
propeller thrust must be eliminated or allowed for. Two general methods are used: (.1)
Glide tests with the propeller stopped and Iocked in a definite position, and (2) gIide tests with

.
the propelIer operating ~t the ~ to produce no thrust. It. was necessary to use the latter

method in this in-i-estimation since the size and loading of the airplane prohibited the use of
propeI1er braking apparatlls on the engine.

.
The $ to be used iU flight w-as determined from the results of a wind tunnel test of a

3-fooh model of the Sperry Nessenger propeHer2 tested -with no body behind it. It was realized
.

that the -i-alue thus obtained would be different from the actual $ of zero thrust in tlight

since scaIe effect and the presence of a body behind the propeller would be expected to change
.

this -due, and consequently the propeLIer operating at this -& in flight would be deli~ering
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some thrust,. Howe\-er, since it was a part of the program of these tests to measure the actual
r.

~~ of zero thruskon &heidentical airplane and propeller at a later date in the 20-foot propeller

research tunneI (then under construction), it was considered satisfactory to c.o~duct the flight,
7

tests at the & determined from the model test, as approximating the true --$ of zero thrust,

and then correct the flight results for thrust on the. basis of the_.measurerncmts obtained in t.l~e
propeller research tunnel tests, when the Iatter were made .a~ailable. Actually the flight tests

were made at–a ~~ of 1.08 while the true ~~ for zero thrust as determined in the prope~ler

research tunnel was 1.07 to 1.08, making the correctio~ on this account negligible,

APPARATUS .4ND METHOD

.hRPLANE AND YINGS.-A standard Sperry llessenger airplane (fig. 1) equipped tvith
United States Air Service propeller NTO.048765 and with four interchwgeable sets of wings of
different airfoil sec~ion was used k this investigation. The airfoil sectioas were R. .4. F.-I 5,
U S A.-5, U. S. .A.–27, and Gottingen 387.. . The wings w-we aIl of rectangular plan form w-ith
equal area and aspect ratio (fig. 2) and were constructed in the conventjona] manner fur \vooden

FIG. I.—Sperry Hvssenger airpiane with flight path angle recorder instaIIed

wings with plywood between the leading edge and the f~ont spar. The dimensions of the biplane
cellule were the same for aJ.1sets of wings: Span 20 feet, gap 3 feet 10 inches, dihedral 1~20, and
incidence + 2°. The stabilizer WM fixed at + I ~“ throughout the tests. Including the area of
the center section the. total wing area was 148.5 square feet.

instruments.-The fol]owkg special test instruments were used:
(1) N. .4. C. A. jfight path angle and air-speed recorder (reference I). —This instrument, as

its name implies, was used for measuring the air speed and the angle of inclination that the
airplane’s flight path made with the horizontal. It is a suspended type instrument-and in these
tests was lowered approximately 35 feet below the airplane.

(2) N. A. C’. A.. recording inrZinomefer.-This instrument consists essent.ial~y of an oil-
damped pendulum mounted in the standard photographic recording type of instrument used by
the N. A. C. A. It was used to record the attitude of t~e airplane with respect to the horizontal
which, together with the fright path angIe, determines the angle of attack.

(3) N. A. C. A. recording altimeter and air-speed meter.-Thk instrument is a standard
recording air-speed meter (reference 2) with an aneroid mechanism incorporated in it. It- was
used primarily to measure the barometric pressure during the tests. The air-speed readings
provided a check on the air speed recorded by the flight path recorder and the change of altit-
ude with time, together with the air speed, was used to check the. flight path angle recorded by
the flight path recorder.
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[~) N. il. C. A. control powlion recorder (referenee 3) .—This instrument was used to measure
the elevato~ angIe during the tests.

(5) Ii’ecolution counter.—The revolutions of the ergine -were recorded by means of a contact-
rtmking apparatus which, connected to. the, ser~ce tachometer sh~t, completed an ~ectrical
circuit every 50 re-roktions. of the engine and flashed a light in a standard photographic type
recording instrument. These light flashes -were recorded on a mo=ring film as a seriee of dots
and knowing the b speed enab~ed the computation of engine revolutions pef minute. Film
speed was determined from timing lines placed on the record as mentiohed below.

(6) Thmnomder.-.in indicating distance thermometer, mounted on the strut, the readings
of which were taken by the pi]o t, ga-re the air temperatures during the tests.

--l
FIG. 2.—EIe~ations and plan of the Sperry IVksenger airpkne

The photographic records of W of the above instruments -were synchronized by means of
timing Lines placed simultaneously on all the records at definite time intervals by an N. A. C- A.
timer. (33eference 4.)

FLIGHT TEsm.-Prehminary tests were made in ]e~el fight to determine the airworthiness
of each set of wings and the desirability of continuing further tests.

FoIIotig the preliminary tests, the lift and drag characterktics of the airplane when
equipped with each set of wings were obtained by means of glide tests (reference 5) with the pro-

peller operating at the ~$ of zero thrust. As previously mentioned, this -ralue of ~~ determined

from the results of a 3-foot modeI test was 1.08. Glides were made at predetermined air speeds
and enatie re_rolutions per minute for a change of altitude of approximately 1,000 feet and
records were taken for about one-haIf minute after the airplane had reaehed a steady eondit.ion.
The range of speed covered was approximate~y 45 to 105 roles per hou~. On each glide the
following data were obtained: airplane -weight, angIe of ffighk path to horizontal, angIe of wing
chord to horizontal, dynamic pressure, barometric preswrei temperature, propelIer re-roIutions

●

—

—

—.
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per minute, and elevator angle. All of these were obtained from the instruments previously
mentioned except the weight,} which was measured before each flight. h allowance. was made
for the weight-of fuel burned during flight.

REDUCTION OF DAT.4.—The esse~tial observed and computed data for the determination
of lift and drag characteristics are giv’en in Tables 1, 11, 111, and IV.

.

WhiIe it was attempted to conduct the glide tests with the propeIIer operating at the ~D

of no thrust, this w-as seldom exactIy accomplished since in the first place, as mentioned before,
7

the $ of the model test was not, the true -& for zero thrust in flight, and secondly (and

most important) because of the difficulties in adjusting the airplane’s air speed and engine speed
.

to obtain the exact ~ desired. Consequently, there was nearly aIways a small amount of

thrust acting in addition to the weight of the airplane to produce the motion of the airplane,
that had to be corrected for as follows:

The apparent-drag is equaI and opposite to W sin Y, where y is the arigle of the flight ptith
Since thrush is present, true drag is equ

nD
F;G. 3.—I’ropeller thrust characteristics from propeller

research tunnel tests

al to a.ppment drag plus the drag component, of thrust
or D = W sin Y + 2’ cos @j where d is the angle of the
thrust axis with the fright path. Since F?is small it is
possible, within the limits of accuracy of the nleasure-
mentsj to consider T cos /3= T and the true drag is
;herefore equal to–R’ sin T + T. T is determined for

the ~ attained in flight from the thrush coefficient

curve for this same propeller and airpIane obt}ained in
tests in the propelIer research tunnel. (Fig 3 )

In a like manner lift is equal to 1}7cos ~+ T sin P.
Since T sin 13is negligible, lift is equal to W cos ~.

The angle of attack given in the tables and curves
is the angIe of att%ck of the wing, and the coefficients
are giren in the absolute form, where

?-

~wmlsloN.-The greatest sources of error encoun-
tered in flight tests of this type are due to accelera-
tions impo=ed on the airpl~~e and the flight path

recorder by uneven air conditions or the piloting of the airplane during a glide. The instru-
ments used were calibrated frequently during the tests and the errors clue to inherent instru-
mental errors are belie~ed to be negligible in comparison with the others. The tests ~re~e
made only when the air was found to be unusuaIIy smooth and any readings that indicated
the presence of accelerations were discarded, but e~-en under these conditions and with the
most careful piIoting it is probabIe that accelerations were present to some extent. 14 gen-
eral, considering the number and grouping of the experimental points, it is beIieved that the
faired curves of lift and drag coefficients are precise to within +2 per cent. b the determi-
nation of angle of attack, accelerations might cause greater errors since this me~suremcn t is
obtained from the readings of two pendulum type instruments and the angle of attack may,
therefore, be in e~~or as much as + 3 or *4 per cent.

Another poss~ble source of error lies in the fact that} while the propeller characteristics were
determined in the wipd tunnel with the propeller axis parallel to the relative wind, in fligh~ the

.
propeller was aIways operating with its axis at-some angle of pitch, and cons.equentIy the~

for zero thrust from the wind tunnel tests might not be exactly that obtained in fligkt. However,
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subsequent tests in the propeller research tunnel on a propeller operating with its axis at a pitch
of 5°, indicated that the pitch produced no measurable change in the propelIer characteristics,
and it has been assumed in these tests that errors due to this cause are negligible.

RESULTS

The results of the investigation are given in Tables 1 to lY, and Figures 4 to 15. Figures 4,
5, 6, and 7 give the polar diagrams of the airplane when equipped with R. ~. F.-15, U. S. -&–5,
U. S. A-27, and Gottingen 387 wings, respectively, with the e.xperimentaI points show-n thereon.
The polars for all four sets of wings are pIotted together for comparison in Figure 8. In addi-
tion, the CL, ~D,and L/D ~ersus angIe of attack for these wings have been plotted in Figures 9
to 15, where Figures 9, 10, 11, and 12 gi~e these resuIts for each set. of wings viith the experimental
points shown, and Figures 13, 14, and 15 compare the (?.,C~2and L/Dl respecti~eIy.

It will be noted that considerably fewer measurements were obtained with the Gottingen
387 wings than with an-y of the others and consequently the curves for these are not as definitely
established. This was occasioned by the fact that the airpIane -was condemned m-hiIe the tests
~{ith these wings were in progress.

The results, as shown on the wv-es, cover the usual flying range of an airplane without
reaching ma.ximurn lift. or minimum drag, although the latter is more closely approached. It is
usually difhdt to obtain ma.-um lift in glide tests, and it was almost impossible in these par-

ticular tests since the enetie could not be throttled suiliciently to give the proper -& at. the

low ah speed required without danger of stopping the propeller. This -would ha-re been ex-
tremely hazardous because the pilot. had to reeI in the suspended flight p~th recorder in addition
to piloting the airplane. Even without this difficulty it. is believed that only slightly higher
lifts could have been reached as the IateraI control of the airplane was poor and the difficulties
in holding the airpIane in a steady glide at low speed were great.

The comparison of the lift and drag characteristics is best shown in Figure & This figure
indicates that, as -wouId be expected, the use of the thin section, R. A. F.–15, gives the lowest
maximum lift and minimum drag, w-hale the thicker section, Gottingen 387, gives the greatest
ma.timurn lift and highest minim urn drag. The U. S. A.-5 and U. S. A.-27 give quite simiIar
effects in all respects.

The comparisons gi-ren in Figures 13 and 14 are mainly of interest in that they show that the
sIopes of the lift curves (and to a somewhat less extent the slopes of the drag cum-es) are not
greatIy difl’erent., indicating quite simikr characteristics with all sets of wings except, of course,
in the region of maximum lift.

The comparison of the L/D of the airplane with the different. wings (fig. 15) shows that the
use of the U. S. A.–5 wings ga~e the highest, L/D and the U. S. A.–27 only a slightly lower value.

In general, the results, particularly as shown in Figure 8, emphasize one fact which it is
beJieved is not. suflicientl-y appreciated and that is, that with the exception of the change in
rna.ximum Iift, the use of different reasonably good airfoil sections in themselves can not be
e.spected to greatly change the performance of an airplane. T’@en it is considered that. the
drag of an airplane consists of the .airp]ane’s parasite drag, the profle and induced drag of the

-tsiI surfaces, the induced drag of the wings, and the profile drag of the wings, it will be more appre-
ciated that different airfoil sections, which change only the wing pro~e drag, can not be expected
to produce any great changes in the airplane’s performance.

.

LANGLEY M.EMORIA~ AERONAUTICAL LABORATORY,

~\TATIONAL .4 DVISORY C OMWTTEE FOR AEROATAUTICS, .

LANGLEY FIELD, VA., July 9, 1928.
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TABLE I.—DATA FOR U, S, .4.-5 WING

ilUUE TESTS ON SPERRY MESSENGER AIRPLANE
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-2,0
-1.,!
-1,0
+2, o
-1-1,0
-I, ii
-1, !s

-, Q

;; ~

-S.. 4
-2, U
-1,5
-1,0

-, 2

7, i
+2, 2
. . . ..-

W$:t

A

n

c

D

.7/

qs

.—

0,982
. 2a4
,233
,267
.270
,327
,315
,877
, 7’M
, Wo
,370
,483
, !505
,058
,008
,240
,254
,317
, WI
.502
, W
.075
, nlo
,026
,036

1, Olrl
,918
,9.18

1,010

nclina.
tion

Dog.
-I-4, o

-18, M
-14,2
-12,0
-12.2

-rl, (r
-il. 8
-1+. o

-1-. i
-7+4
-7,2
-4.3
-4, 1

-,8
-2,0

-13,0
-18.1

–u, 3
-7,4

,. -..,.
,. -----

+,2
-l-& 2
+4. 2
+4, g

-1-0, H
-1.4, u
-1-4, (!
-1-0,8

dlgla of
ktla.dc

-—

Deg,
m o

;: 1
1.9
1,7
2, ii
2,0

lx 4
ri. 7
& u
a, o
A, 7
6,8
8,4
7, a
L o
I,b
2, U
3,0

.. -----

. ...-”..
Q. o

13,1
14! 2
lfi, fj
17, H
14,1
14,9
17,7

wdlKllt Lift

. . . .

.Lbfl,
1,000

r17n
074
078
070
978
V75
982
97Q

1,000
WJ5
994
Wi
001
Quo
905
Q82
r)ol
900
990
$)88
088
082

1,000
O!lo
000
992
908
W

.——.

—--———
m: ~:

0 c.
[17 0.000

,“. . . . . . .0710
,. -..,.. ,0710
.- . . ..- . ,0714
,. .”..-. ,0704
. . . ..-. ,0707

.. -..”. - ,0709
. . . . ..- .0704

,. . . ..-. ,0709
14 ; !lll/

. . . . . . . .

. . . . . . . . ,0706

. . . . . . . . , 070rl
. . . . . . . .0711

,- . . . . . . ,0708
. . . . . . . ,0701

10 , 07trfi
-------- ,0720
.-- . . . . . ,0720
. ..”.... ,0710
,. . . . . . . ,0720
. ..”... . ,0720
.“. -”... .0724

15 ; :;~
. ...”...
,“. . ..-. ,0708
. . . . . . . ,0700

. . . . ...” .0713

.. -. . ..- , Q7~7

m!,
-4, Q

–18, 8
-17,0
-Irr. !r
-16,6
-13.8
-’$:

-8:7
+4. n
+7, I
-8,1
-b, o
-8, 0
-1! 8

-1.5, n
-4,0

,0
-10,6

-3,3
-8,0
-3,7
-7+ 8
-4,2
-K, o
-4,0
-Fi. h
-4.4
-L 8

......

......

.-- ...
—

i

.



TABLE 111.—DATA FOR U. S. A-27 WING

GLIDE TESTS ON SPERRY MESSt?NQER AIRPLANE

. E’. M, ?’

y:g.

sum

%hg.
10.7
10.0

1:: i
12,8
14.0
10.9

$). 4
!). t7
9.()
9.0

1:!
10” G

0.2
&(!

Ii:
10.0

(I. 4
9.0
9.4

11” b
18.8,

.—

—.
Sln T

.—

1.1887
.1786

: W:
.2215
,2419
.1801
.1633
.1008

1s64
.1564
.1699
.1734
.1822

159~
1495

:1650
.2233
.1736
.1633
. 15(I4
.1638

,:, xi

w

Weight

CL

~
@

1.195
L 050
. %33
.373
.308
.264

1.210
1.0$6
1.010

. 9X)

. (230

.667

. 4rs
1.102
1,010

.819
,4’53
. 2ofi

1,097
.940
.002
. 54il
. 3Gfi

, Q5il

CL

——

z

?&,

.—

1: :g

:2?
. 87s
.455

1.218
I.rxw

.670

—

<un
No.

qlp T g,
— — — .

I
Dy.

‘arO- Tom- Spocific
yr:~ yr~$ P&ye- Weigi]t
sure sure

.-—. — — -.— .

r,

Lift

—___
CDVi.d ‘VT[.D T D-2’

ipp8r-
ut drag

cl +

Elm%
tor

angle

Deg.
+&o

4.8
3.0

.5

-:;
+7. .5

4.7
3. !2
2.7
1.7
1.5
1.2
5.7
3. [i
2.7

.8

.0
il. m
3.30
2..40
1.60
.043

–.tw

p

Eleva-
tor

Sur!de

Deg.
4.0
1.0

.3
-. 5

–1.0
–1..5

6.3
K 5
1.9

nclim
tlolr

Deg.
-1-$ g

2: b
–rJ. 4

-12.3
–15, o

+:;

3: i

-;: $
–4, 2

T2 :
5. 2

–k :
–11,8

‘+5, o
2.6

-1.8
-4.8

–10> 4
–n4v o

[ntf$a.

.—

D&u.
J.s
1.7
3.9
5.1

–;;
3,8
2,3

-. 7

Incli-
cated
Clocit:

‘pQht
l’hmst

JA8.
–2. o
-2.1

;;

–5: :
+1: ;

1.0
3.1

-l, Q
-1-1.8

. . ...”.
+3. tl

6.1
& 3

-3::
+2. 4

1.2

<:
. . . . . . .

+1. 7

D
B

). 2295
1936

:1 ,53!i
.0741
. 069s
,0636
.2360
. 1x38
.1714
.149’0

1067
:0986
.0806
.2198

1702
:1286
.0761
.0600

mfio
: lfi713

1064
:0907
.0725
.0641

CD

D
~s

1.1784
.139$3
.1182
.1084
. 09S4
.0841
.21715

184$5
:1330

mgle 0
?ttwlr

Deg.
+16. 7

14.5
11.3

-1-1.8
-1-.5

–1.0
-I-17. 3

13.9
12.9
10,4

7. ?3
il. o
3.1

17.1
14.4

II, 6
4! o
1.1

16.0
12.0

?:
1.1

-4 2

LY

iJrt#@:

%{; W;. 0 Ci, ~;;;g

$ g 27.7b --------‘ .0710
27.50 . . . . . . . . .0704

18:20 27.22 . ..-. -.. .0722
21.85 27. M . ------- .0705
26, Go 27. {lo .-.- . . . . .0716

b. 62 27.82 15 .0711
6.24 27,65, -------- .0707
6470 27.62 . ------- .0703
8.06 27.59 . . . . . ..- .070.5
9.98 27.62, -------- .0703

11.95 27.77 -------- ,0710
14.84 I , .(3,,227.37 -------- .0700

5.89 27.3
&70 27.4 . . . . . . . . .0715
8.32 27.5 1-------- .0718

15. (I3 27.4 ~-.:- . . . . .0715
w. !35 27.5 -------- .0718

&24 27.6
7.28 27. ? ._._:- : W:
W 89 23 !7 -------- .0722

12.48 28.2 . . . . . . . . .0737
19.00 28.2 . . . . . . . . .0737

‘5’ 76 II
27.9 1-.-..,. - i .0729

K per
*@c.
72.4
76.8
81.6

127.5
141.0
151.2

71.1
75.2
7& 5
s!!. 8
w, 5

104.0
117.0

73.0
78.1
80.3

HO. 2
142.8

74.5
WI. 4
03.8

104.6
129.0
161, c1

——

~F*

A

B

c

D

-

TABLE IV.—DATA l?OR G@iYI’INGEN 3S7 WI.NG

QLbE l’l%tiTS ON SPERRY WIESSENCIER AI RPLANK

~T/nD

1.096
1.170
L 134
1.120
1.105
1,106
1. owl
L 210
L I.m

V(,l,? L P. M

670
(387
765
810

::
623
HA=i
0Q8

q

J&
rlmdc
prcs.
sum

CT ‘r

ThxusO

.uw.
-1.33
–6. 82
-4.85
–4. .50
-3. N
–4. 41
-1, 16
–7. 23
-6, w

Cos ‘y w
—.—.

TVe@ht

IA!.
1,082
1,077
1,072
1,067
1,002
1,067
1,098
1.,0Q3
1, m

D- ‘T

App!w-
,ntdrag

Z&.
182.8
179.5
175,2
170.0
181.0
Im. o
194,5
1’89,8
169,8

n L7

Flight
patl]
angl~

?nrr
No. ‘ropelle

brust co
efoclent
I’/PWD$

l’ndi-
cakd
“elodtj

@.:$: ~

b7. o
fil.6
04. S
w o
77.5
4s. 4
51.0
87.0

mlm
mlmit:

Ft. pm
sec.
79.8
87.5
94.2
98.8

100.0
llfi.6

74,4
73.4
87.3

-.. —

Tru@

—l—l—

Lb8.
181.5
172.7
I 70.4
171.5
177.5
191. (3
193,3
MZ 6
164.8

Deg.
9.7
9.8
Q. 4
9.5

1:;
10.2
10,0

$2.0

Deg.
11, $

7.9
/j, 5

4.4
3.(3

Ii:
m?!
8.3

A

B

I I

l,.

.

1 1! I ,$ ‘,’,

~

,,,,,1
,, ,’


